(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 


(19) World Intellectual Property Organization 
Internationa] Bureau 

(43) International Publication Date 
8 May 2003 (08.05.2003) 



(10) International Publication Number 

PCT WO 03/038839 Al 


(51) International Patent Classification 7 : H01B 7/04, 7/32 

(21) International Application Number: PCT/US02/34780 

(22) International Filing Date: 30 October 2002 (30.10.2002) 

(25) Filing Language: English 

(26) Publication Language: English 


(30) Priority Data: 

60/335,423 


31 October 2001 (31.10.2001) US 


(71) Applicant: BAKER HUGHES INCORPORATED 
[US/US]; 3900 Essex Lane, Suite 1200, Houston, TX 
77027 (US). 

(72) Inventor: BUSSEAR, Terry, R.; 3422 Ashmere Cove, 
Round Rock, TX 78681 (US). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BBrBG, BRrBYrBZTCATeHrCN, CO, CR, CU, 


CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG, 
SI, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ, VN, 
YU,ZA,ZM,ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, SK, 
TR), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, 
GW, ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations'* appearing at the begin- 
ning of each regularissue of the PCT Gazette. 


(54) Title: METHOD AND APPARATUS FOR FIBER OPTIC MONITORING OF DOWNHOLE POWER AND COMMUNICA- 
TION CONDUITS 


ON 
00 

O 



(57) Abstract: A method and 
apparatus for fiber optic monitoring of 
downhole power and/or communication 
conduits employs optic fibers near 
such conduits or even within an 
encapsulation of said conduits to 
monitoiintegrity thereof. 


BNSDOCID: <WO_ 


_03038839kA 1 _!_> 


BEST AVAILABLE COPY 


WO 03/038839 BCT/US02/:ji780 

METHOD AND APPARATUS FOR FIBER OPTIC MONITORING 
OF DO WNHOLE POWER AND COMMUNICATION CONDUITS 


5 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims the benefit of an earlier filing date from U.S. Serial 
Number 60/335,423 filed October 31, 2001, the entire contents of which is 
incorporated herein by reference. 
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BACKGROUND 

Modem well construction operation and maintenance requires that power and 
communication pathways be extended over long distances in the downhoie 
environment. Necessarily then, the conduits employed to provide such pathways are 

15 subjected to significant deleterious effects of the downhote environment Conduits 
suffer impacts and abrasion, during run-in, and can be damaged or rendered 
inoperable thereby. Because of the distances involved, inter alia, a power or 
communication conduit which has become inoperative might not be immediately 
apparent at the surface of the well. This can result in costly delays of production if 

20 power or signals are not reaching the intended taigets. 

SUMMARY 

A method for monitoring the power and/or signal conduits whether in^opper, 
optic fiber, or any other type of conductor, in a well and an apparatus therefore 
25 employs optic fiber(s) to gain information regarding condition of the conduits. 

Changes in light conductivity and/or reflectivity along a fiber are indicative of strain 
or stress in the optic fiber. By measuring such changes, one can extrapolate the 
condition of the power or communication pathway. 

An apparatus is disclosed including structure by which the method can be 
30 performed. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Referring now to the drawings wherein like elements are numbered alike in 
the several FIGURES: 

Figure 1 is a perspective cross-section view of a power or communication 
5 conduit having optic fibers embedded in an encapsulation matrix thereof; 

Figure 2 is a schematic cross-sectional view of a portion of a wellbore having 
a restriction therein and illustrating a cross-coupling clamp-type protector; and 

Figure 3 is an alternate arrangement wherein an optic fiber is proximate 
connections to determine the state the connections are in. 

10 

DETAILED DESCRIPTION 

Each of the iterations of the monitoring concept disclosed herein is related in 
that they rely upon the changing optical properties of optical fibers when the fibers are 
subjected to strain, stress, heat, breakage, etc. By measuring the degradation or 

15 change of light transmissivity, backreflection and/or measuring the reflectivity and byr 
employing elapsed time as an additional factor in the measurement, a very accurate 
construction of the conditions affecting that fiber can be made. The conditions 
actually affecting the power or communications conductors^) with which the fiber is 
associated are likely to be very similar. In order to further enhance accuracy of the 

20 construction of conditions, additional fibers may be employed each being individually 
queried and then an average may be taken among the fibers such that representation of 
strain, stress, heat, breakage, etc. can be derived. 

Reflectivity and transmissivity are related to H* loading and excessive thermal 
exposure. 

25 Backreflection is related to integrity of connections within the fiber channel. 

Referring to Figure 1, a power/and or communications conduit is illustrated. In the 
vernacular, such a conduit illustrated is often referred to as an "umbilical". It will be 
appreciated that an umbilical is but one embodiment of the method and apparatus 
described herein and that the disclosure hereof applies to any conduit for power or 

30 communications in the downhole environment The conduit 10 comprises an 

encapsulant material 12 which exhibits structural integrity and abrasion resistance to 
the extent necessary to ensure its usefulness in the downhole environment. Material 
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12 may be a plastic material and may be polymeric. In order to enhance the 
manufacturability of conduit 10 the material may be extrudable or moldable -(although 
other means of manufacture are also contemplated). Abrasion resistance and crush 
resistance are provided to conductors encapsulated therein. 
5 In the embodiment illustrated in Figure 1, three sensing fibers 14 are 

employed. The illustration further includes crush resistant cable members 16 which 
each comprise a plurality of individual lines twisted into each cable member 16. 
These comprise stiffening material such as metal, steel in solid form or twisted form, 
braided steel wool, braided mineral wool, fiberglass, polyaramid fibers, carbon fibers, 

10 etc. and combinations including at least one of the foregoing as well as other materials 
suitable to add strength to the umbilical. In this embodiment one of the cable 
members 16 also includes a centrally disposed and protected insulated electrical 
conductor 18 while the other cable member 16 includes a fiber optic conductor 20 
protected therein. It will be understood that Figure 1 is illustrative only and that fewer 

15 or other conductors or sensing fibers may be substituted, providing an elongated 
sensing member is in contact with the encapsulant which itself is in contact with a 
conductor. 

Each of the one or more elongated sensing members which may be optic fibers 
are measured for light conductivity, transmissivity, etc. as stated hereinbefore as a 

20 measure of what strain or stress the conduit 10 is under at any given time or is 

experiencing over time. As noted above, change in measured light properties provide 
a calculatable indication of condition of the conduit 10 downhole. 

In another embodiment, a single optic fiber is employed as the conductor and 
is measured to monitor its own condition using the same parameters discussed above. 

25 By monitoring periodically or continuously, as desired, an accurate picture of 

the condition of the conduit can be generated. In addition, and particularly 
importantly, upon installation of a tool, the operator of the well will know if a conduit 
has been compromised beyond usability. This is early notification that the device 
should be pulled. Where in the prior art it would not be known until the tool was 

30 installed, tested and in service, the device and method disclosed herein provides 

notification as early as an occurrence is measurable and so avoids wasted time or loss 
of the usability of the system in the near future. Time Domain Refiectometry could 
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then be used to determine the location the fault and save time during the repair 
operations. 

Related to Figure 1 is Figure 2 wherein the optic fiber sensing arrangement 
and method described is particularly usefiil. Figure 2 illustrates schematically a cross- 
5 coupling clamp-type protector 62 which is a commercially available device intended 
to protect a conduit 10 at the location of a tubing coupling 54. As is known to one of 
skill in the art, were the protector 62 to be omitted, significant impact would be 
visited on conduit 10 because of the large OD at the coupling 54. A restriction 60 in 
the wellbore can be caused by any number of things, the exact cause not being 

10 germane to the functioning of the method and apparatus herein described. What is 
important to note is that while in a system having multiple cross-coupling clamps, a 
conduit 10 is spaced from borehole wall 64, when the coupling protectors 62 straddle 
a restriction 60 (only one of the couplings shown), the restriction may contact conduit 
10. Conduit 10 is at that point subject to significant abrasion and compressive 

15 loading. As one of skill in the art appreciates this occurs primarily during run-in. The - 
method and apparatus hereof provides information to the operator regarding condition 
of conduit 10 including any conditions that will require its removal from the well and 
replacement By having knowledge of a significantly damaged condition during the 
run-in process, the additional time and effort of finishing the process, to only then 

20 discover the problem, is avoided. 

The apparatus and method described is also useful in a related way to 
determine when the proper radial clamping force is created in a cross-coupling clamp- 
type protector by monitoring strain in the fiber(s) 14. Additionally, whether or not 
proper clamping force has been maintained can be monitored during deployment and 

25 throughout the life of the tool or the well. Any change in clamping force is apparent 
including loss of the clamp altogether. The method and apparatus work in this 
connection identically to the way in which they have been described above. What is 
done with the data is slightly different In this embodiment a specific amount of strain 
is a target Thus, the finding of strain in the optic fiber is not a warning sign, but 

30 rather is an indicator relative to which the installation strain caused by the clamp may 
be adjusted until the indicator indicates a selected strain on the fiber. The proper 
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strain having been reached, the protector is properly installed. After installation, a 
change in the selected strain indicates a loosening or loss of the clamp. 

In another embodiment, and referring to Figure 3, an optic fiber alone or with 
an optic sensor 32 is employed to monitor the condition of electrical connectors at a 
5 splice location. As stated hereinabove, temperature affects light travel through optic 
fibers. By monitoring the change, heat to which the fiber is subjected can be 
evaluated. With age, electrical connectors can develop corrosion. As corrosion 
affects the interface between two or more conductors, heat is generated. The more 
heat generated, generally the more corrosion is present The heat is due to resistance 

10 caused by the corrosion. The amount of heat sensed either at a particular splice or 
averaged over a number of splices is easily correlated to the degree of corrosion 
which can then be used to extrapolate expected balance or life span of the connection 
of plurality of connections. Other optical sensors may also be employed to monitor 
other conditions that may occur at the connector, alone or in addition to monitoring 

15 the temperature change. Strain, stress, fluid ingress, etc may be monitored. 

In the illustrated embodiment of Figure 3, conductors 34 and 36 appearing at 
the left hand side of the illustration have any type of conventional terminus 38, 40 
which connects to connectors 42, 44 at interface 46, 48. These connectors operably 
connect conductors 34, 36 to 50, 52 (right hand side). Since connections are 

20 commonplace in the wellbore the ability to monitor temperature thereat provides 
valuable time to take desired action which may be to simply produce the well until 
failure or possibly to provide time necessary to order repair parts or schedule 
maintenance. Repair parts often will not be on hand and availability of equipment 
and personnel to perform repairs may not be readily available. With the device and 

25 method disclosed herein there is time to obtain replacement parts or make 
determinations regarding well life versus cost of repair, etc. 

While prefeired embodiments have been shown and described, various 
modifications and substitutions may be made thereto without departing from the spirit 
and scope of the invention. Accordingly, it is to be understood that the present 

30 invention has been described by way of illustration and not limitation. 
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CLAIMS 

CLAIM 1 . A communications or power conduit for a wellbore comprising: 
an encapsulation material; 

at least one communication or power conductor embedded in the 
5 encapsulation material; and 

at least one optic fiber embedded in the encapsulation material. 

CLAIM 2. A communications or power conduit for a wellbore as claimed in claim 
1 wherein said encapsulation material is a polymeric material. 

10 

CLAIM 3. A communications or power conduit for a wellbore as claimed in claim 
1 wherein said encapsulation material is abrasion resistant 

CLAIM 4. A communications or power conduit for a wellbore as claimed in claim 
15 1 wherein said conduit further includes at least one reinforcing member. 

CLAIM 5. A communications or power conduit for a wellbore as claimed in claim 
4 wherein said at least one reinforcing member further includes a conductor. 

20 CLAIM 6. A communications or power conduit for a wellbore as claimed in claim 
4 wherein said at least one reinforcing member is a cable formed of twisted stiff 
material. 

CLAIM 7. A communications or power conduit for a wellbore as claimed in claim 
25 6 wherein said stiff material is metal. 

CLAIM 8. A communications or power conduit for a wellbore as claimed in claim 
6 wherein said stiff material is polyaramid fiber. 

30 CLAIM 9. A communications or power conduit for a wellbore as claimed in claim 
6 wherein said stiff material is fiberglass. 
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CLAIM 10. A communications or power conduit for a wellbore as claimed in claim 
6 wherein said stiff material is carbon fiber. 

CLAIM 11. A communications or power conduit interface for a wellbore 
5 comprising: 

at least one conductor and conductor connector; and 

at least one optic fiber located proximate said conductor connector to monitor 
condition of the conductor connector. 

10 CLAIM 12. A communications or power conduit interface for a wellbore as 

claimed in claim 1 1 wherein said fiber further includes an optical temperature sensor. 

CLAIM 13. A communications or power conduit interface for a wellbore as 
claimed in claim 1 1 wherein said fiber further includes a strain sensor. 

15 

CLAIM 14. A communications or power conduit interface for a wellbore as 
claimed in claim 1 1 wherein said fiber further includes a chemical sensor. 

CLAIM 15. A communications or power conduit for a wellbore as claimed in claim 
20 12 wherein said sensor is disposed proximate said conductor to monitor temperature 
thereof. 

CLAIM 16. A communications or power conduit for a wellbore as claimed in claim 
13 wherein said sensor is disposed proximate said conductor to monitor stress thereof. 


25 


CLAIM 17. A communications or power conduit for a wellbore as claimed in claim 
14 wherein said sensor is disposed proximate said conductor to monitor fluid thereof 
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CLAIM 18. A method for monitoring the condition of a power or communication 
conductor downhole comprising: 

querying an optic fiber near said conductor, 

measuring a light property of said optical fiber, and 
5 correlating said light property with a condition of said conductor. 

CLAIM 19. A method for monitoring the condition of a power or communication 
conductor downhole as claimed in claim 18 wherein said property is transmissivity. 

1 0 CLAIM 20. A method for monitoring the condition of a power or communication 
conductor downhole as claimed in claim 18 wherein said property is reflectivity. 

CLAIM 21 . A method for monitoring the condition of a power or communication 
conductor downhole as claimed in claim 18 wherein said property is backreflection. 

15 

CLAIM 22. A method for monitoring the condition of a power or communication 
conductor downhole as claimed in claim 18 wherein said correlating is mathematical 
calculation of a physical condition based upon measured light properties of said fiber. 

20 CLAIM 23. A method for monitoring the condition of a power or communication 
conductor downhole as claimed in claim 18 wherein said correlating is mathematical 
calculation of a physical condition based upon measured light properties of said fiber . 
over a period of time. 

25 Claim 24. A method for monitoring the condition of a power or communication 
conductor downhole as claimed in claim 18 wherein said correlating is mathematical 
calculation of the location of the point of interest based upon measured light 
properties of said fiber. 
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